Introduction {#sec1_1}
============

Pure erythroid leukemia (PEL) is a rare entity which mostly evolves from prior myelodysplastic syndrome (MDS) or myeloproliferative neoplasms; however, it can also arise de novo. As per the 2016 WHO revision of myeloid neoplasms, PEL is the sole form of acute erythroid leukemia. Most cases of PEL have complex cytogenetic abnormalities and a grave prognosis with survival of few months.

Only a few case reports of leukemia/MDS secondary to the use of hydroxyurea have been published in the literature and it has been concluded in some studies that hydroxyurea is nonleukemogenic in sickle cell anemia patients. However, its use has been associated with a cytogenetic evolution with the development of acute myeloid leukemia/MDS in patients with myeloproliferative disorders. There is no clear association of PEL with prior treatment; however, genomic instability and poor outcome may suggest therapy-related pathogenesis. Hydroxyurea use may be related to the development of this complex disorder in certain patients.

Case Presentation {#sec1_2}
=================

A 29-year-old female with a history of sickle cell anemia on hydroxyurea (20 mg/kg/day) for the last 5 years was admitted to the hospital with acute sickle cell crisis. She was found to be anemic with Hgb of 6.1 g/dL and thrombocytopenic with platelet counts of 30,000/μL. Her platelet count during the last admission about a month ago was 186,000/μL. The patient complained of generalized pain on admission and was started on pain medications and was also given 3 units PRBC transfusion which improved her hemoglobin level to 10.1 g/dL. Upon further questioning, the patient was also experiencing gum bleeding and hematuria for the last few days.

Absolute reticulocyte count was 11, 000/μL with a reticulocyte percentage of 0.6. Other laboratory work showed LDH of 261 IU/L, fibrinogen of 451 mg/dL, haptoglobin of 141 mg/dL, negative heparin-induced antibody and negative direct antiglobulin test. Parvovirus B19 IgM antibody was negative. Vitamin B~12~, serum folate and methylmalonic acid levels were within normal limits. Hemoglobin electrophoresis, which was done after the transfusions, showed hemoglobin A1 of 77.9% and hemoglobin S of 14.6%. Other workup for thrombocytopenia including infectious etiology was negative.

The patient was started on intravenous immunoglobulin and prednisone for thrombocytopenia without any improvement. Because of persistent thrombocytopenia and drop in reticulocyte count compared to her previous values with no apparent cause, bone marrow biopsy was performed.

Bone marrow biopsy revealed marrow with 100% cellularity with cellular elements comprising of a predominantly immature erythroid cell population, morphologically consistent with pronormoblasts and without evidence of any maturing forms (Fig. [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}).

Myeloid series was markedly decreased, and megakaryocytes showed frequent dysmegakaryopoiesis. Pronormoblasts/proerythroblasts were diffusely positive for E-cadherin, glycophorin A and CD71 (Fig. [4](#F4){ref-type="fig"}). It was difficult to quantitate the percentage of erythroid lineage cells due to the lack of aspirate; however, it was estimated, based on immunostains in core biopsy, that they represented a major component of cellular elements (at least 80%) in the marrow. Furthermore, preliminary cytogenetic analysis revealed the deletion of chromosome 5q with evidence of clonal evolution. Combined morphologic, immunophenotypic and cytogenetic features supported the diagnosis of pure erythroid leukemia.

The patient was started on induction chemotherapy at a different institution but unfortunately, she succumbed to her illness after a few months.

Discussion {#sec1_3}
==========

The 2016 WHO classification of myeloid neoplasms defines PEL as neoplastic proliferation of mature erythroblasts with more than 80% immature erythroid precursors in bone marrow of which more than 30% are proerythroblasts and with no significant myeloblast component (less than 20%) \[[@B1]\]. Diagnosing PEL has always been a challenge due to a lack of specific immunophenotype studies. Many erythroid markers such as CD71, CD235a, glycophorin A, hemoglobin A, and E cadherin have been utilized in the diagnosis of PEL. These markers are either nonspecific and stain both erythroid precursors and anucleate mature red blood cells like CD235a, or stain nonerythroid malignant cells in other malignancies like CD71. Traditional markers of erythroid lineage like glycophorin A and hemoglobin A are often absent in early pronormoblasts that decreases the sensitivity for diagnosis \[[@B2]\]. More recently, alpha hemoglobin stabilizing protein (AHSP) and ferritin H have shown to be more specific markers of erythroid precursors in PEL. AHSP does not stain blasts in other nonerythroid acute leukemias \[[@B3]\]. Similarly, ferritin H, which is a marker of early erythroid precursors, is specific for pure erythroid leukemia blasts, plasma cells, and macrophages \[[@B4]\]. Additionally, some cases of PEL may express myeloid or T cell markers adding to further confusion in the diagnosis.

The majority of the cases of PEL demonstrate abnormal karyotype, which is mostly complex genetic alteration \[[@B2]\]. Both de novo and secondary PEL cases show a complex karyotype with chromosomes 5 and 7 being the most frequently involved abnormalities \[[@B5]\]. Some of the cytogenetic abnormalities like del 5q, del 7q or del 17p are recurring myeloid associated while others like 7p abnormalities could be non-myeloid associated. PEL has also been associated with a higher frequency of TP53 mutations compared to other leukemias. More than one TP53 abnormality could be pathognomonic for PEL \[[@B6]\], while lower rates of FLT3, NMP1 or NRAS mutations have been observed in PEL compared to other leukemia cases.

A systematic review of clinical trials, observational studies and case reports did not show any evidence of increased cases of leukemia or secondary cancers in patients taking hydroxyurea for sickle cell disease or myeloproliferative disorders. Even studies with up to 17 years of follow-up did not reveal leukemogenesis or carcinogenesis in adult sickle cell patients treated with hydroxyurea \[[@B7], [@B8]\]. However, there have been cases of leukemia or MDS reported with the use of hydroxyurea, mainly limited to case reports \[[@B9], [@B10], [@B11], [@B12]\]. Another series noted a higher incidence of hematological evolution to acute leukemia and MDS than previously reported, with 40% of cases occurring after 12 years of follow-up \[[@B13]\]. 17p deletion associated acute myeloid leukemia and MDS have been seen in patients with myeloproliferative disorders treated with hydroxyurea \[[@B14], [@B15]\].

A couple of cases of erythroid leukemia have been reported with the use of hydroxyurea in sickle cell disease after about 4 and 14 years of exposure \[[@B16], [@B17]\]. This is only the third case of PEL reported in the literature associated with the use of hydroxyurea. PEL has also been reported with other therapies \[[@B18], [@B19]\]. While there is no known clear etiology for the development of this rare and aggressive disease, complex genetic abnormalities seen in these cases may suggest therapy-related cause and the use of hydroxyurea or other anti-metabolites may be responsible for these changes. Better understanding of pathogenesis of PEL is needed to determine if there is any significant association with the use of anti-neoplastic agents.
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![Low-power field shows hypercellular marrow (almost 100% cellularity) with sheets of large pleomorphic mononuclear cells, increased plasma cells and mono/hypolobated megakaryocytes (hematoxylin and eosin stain, ×20).](cro-0013-0857-g01){#F1}

![Sheets of large pleomorphic mononuclear cells, the majority with dark chromatin and scant cytoplasm; a subset exhibits finely dispersed chromatin with the presence of nucleoli (hematoxylin and eosin stain, ×60).](cro-0013-0857-g02){#F2}
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